Abstract: Undoped and Al-doped ZnO polycrystalline thin films have been fabricated on glass substrates by using a computer-controlled dip coating (DC) and ultrasonic spray pyrolysis (USP) systems. The film deposition parameters of DC process were optimized for the samples. In this technique, the substrate was exposed to temperature gradient using a tube furnace. In the study, the other solvent-based technique was conventional USP. The zinc salt and Al salt concentrations in the solution were kept constant as 0.1 M and 2% of Zn salt's molarity, respectively. The optical properties were compared for the films deposited two different techniques. The optical transmission of Al:ZnO/Glass/Al:ZnO sample dip coated and the optical transmission of Al:ZnO/Glass sample ultrasonically sprayed were determined higher than 80% in the visible and near infrared region. Experimental optical transmittance spectra of the films in the forms of FilmA/Glass/FilmA and FilmA/Glass were used to determine the optical constants. It was observed that the optical band gaps of Al doped ZnO films onto glass substrate were increased with increase of Al content and the absorption edge shifted to the shorter wavelength (blue shift) compared with the undoped ZnO thin film.
INTRODUCTION
In 1742, a method of coating iron by dipping it in molten zinc was described by Malouin [1] . Nowadays, this technique has different applications fields such as coating the surface of the materials with protective agents or coloring materials. Materials in almost any geometry can be coated using this technique. In addition to coating of large-scale material, this technique was used to deposit to the metal oxide semiconductors (ZnO, TiO2, SnO2 and WO3). Investigation of compound semiconductor-focused work has gained momentum [2] . It is possible to coat the surface of the material using the liquid phase growth techniques. These techniques are generally divided into three groups such as solgel, chemical baths, and electrochemical methods. The sol-gel method is widely used in thin film coating. In the sol-gel process, the precursor solution can be coated on the substrate by dip coating, spray pyrolysis, and spin coating techniques. In recent years, ZnO, prepared by various deposition methods such as reactive evaporation [3] , RF sputtering [4] , chemical vapor deposition [5] , ultrasonic spray pyrolysis [6] [7] [8] , sol-gel method [9] , and dip coating method [10] , have found very different application areas for optoelectronics and sensor technology applications. In addition to changes of the optical constants, the change in the band gap may be advantageous in the technological use of the films. While the increase in the band gap can be useful in poly-crystalline solar cells, the decrease in the band gap can be applicable for gas detection such as CO [11] . The number of studies that examined the changes in the optical and electrical properties due to the elements to be incorporated into the ZnO lattice is increasing. The substrate temperature is an important parameter for the formation of the thin film. For example, the substrate temperature is kept at a given temperature in USP technique. However, substrate is kept at room temperature and dip number is increased for the formation of the film for the DC technique. However, during DC process pre-heating or after the deposition-post heating can be done. The samples were exposed to temperature gradient from the room temperature to set temperature then subject to post heating using DC system.
In this study, using the modified dip coating system (MDC) pre-heating and post-heating features are added using the tube furnace, which was used in the vertical geometry.
Undoped and Al-doped ZnO polycrystalline thin films have been fabricated on glass substrates using dip coating (DC) and ultrasonic spray pyrolysis (USP) systems. In this way, although a small number of dip process to be done the film formation on the substrate becomes more prominent. Substrate temperature was kept at 400 °C for USP system. In order to compare the samples deposited by DC, post heating temperature set at 400 °C. Moreover, the changes in optical transmittance of Al doped ZnO thin films were examined.
MATERIALS and METHODS

Experimental details
The home-made computer-controlled dip coating system was modified by adding the heating facilities after the withdrawing process (Figure 1 ). In this system, the tube furnace which was used in the vertically was added to the system for pre-heating and post-heating up to 400 °C for the dipping process. The details of the previous dip coating system are given in the reference [10] . The vertical movement distance is also expanded about up to 40 cm using the modified mechanical unit. Stepper motor and threaded spindle is provided with a 5 µm precision movement. Another modification is changing the home-made stepper motors driver unit with a commercial one (Leadshine step motor drive unit M542 model). This unit has a micro-step feature. Thus, a number of steps for one revolution can vary from 400 to 25000 steps. The step control is made by means of the computer's printer port. M542 stepper motor drive unit can be controlled by two data bits such as D1 and D0. Using a suitable computer program such as LabView, dipping time, dwell time, withdrawal rate, and pre-heating time of the substrate can be adjusted to the desired value. The ZnO and AZO thin films (2 layers) were deposited on both sides of the glass substrate, withdrawal speed fixed at 1 cm/min and the deposition time at 30 s. In USP method, the position of substrates was fixed and precursor solution was sprayed over a hot substrate. The substrate temperature was kept at 400°C. The solution flow rate was held constant at 5 mL/min. The nozzle (100 kHz oscillator frequency) used in this study was in a downward vertical configuration. A more detailed description of the USP system was reported in previous papers [8] . X-ray diffraction (XRD) spectra were collected with a D-Max X-ray diffractometer (Rigaku International Corp. Japan) with CuKα (λ=1.5405Ǻ) to obtain the structural information of the films. The optical measurements of the Al:ZnO thin films were carried out at room temperature using T70 Model Spectrophotometer (PG Instrument) in the wavelength range 300-900 nm. 
RESULTS and DISCUSSION
Structural Characterization
The X-ray patterns for ZnO and Al:ZnO thin films deposited by USP and DC films at room temperature are presented in Figures 2 and 3 , respectively. The hexagonal wurtzite structure of ZnO seems to be protected for both samples group. It was observed that the (002) and (101). In addition, detection of (102), (110) and (103) 
Optical characterization
The optical transmission spectra of undoped ZnO and Al-doped ZnO thin films are shown in 
CONCLUSION
We have demonstrated an effective dip-coating method for synthesis of undoped ZnO and Al:ZnO thin films. In this method, although a small number of dip process to be done, the film formation on the substrate becomes more prominent. It is because the samples were exposed to temperature gradient between the dipping periods. As a result, considerable changes were observed in the optical transmission spectra of the films.
Optical transmittance spectra of the films in the form of 
